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Ali Salim, MD,c and Matthew J. Martin, MD,a,c Tacoma, Wash; and Los Angeles, Calif
Purpose: Popliteal arterial trauma carries the greatest risk of limb loss of any peripheral vascular injury. The purpose of this
study was to analyze outcomes after popliteal arterial injuries and identify factors contributing to disability.
Methods: A retrospective analysis was conducted of prospectively collected trauma data from the National Trauma Data
Bank (NTDB). We studied all patients with popliteal arterial injury in terms of demographics, injury patterns,
interventions, limb salvage, resource utilization, and outcomes.
Results:We identified 1395 popliteal arterial injuries among the 1,130,000 patients in theNTDB, for an incidence<0.2%.
The patients were 82% male, with a mean age of 33 years, and they presented with a mean initial systolic blood pressure
of 124 mm Hg, base deficit 4.6, injury severity score of 11.8, and an extremity abbreviated injury score of 2.6. The
mechanism was blunt in 61% and penetrating in 39%, and significant baseline demographic differences existed between
the two groups. Associated ipsilateral lower-extremity trauma included combined popliteal arterial and venous (AV)
injuries, fractures and dislocations, andmajor nerve disruptions. Fasciotomies were performed in 49%, complex soft tissue
repairs in 24%, and amputations in 14.5%. The overall mean hospital and intensive care unit lengths of stay were 16.9 and
5.9 days. The mean functional independence measure for locomotion was 2.8, but was significantly lower for patients
with blunt trauma. In-hospital mortality was 4.5% and did not significantly differ by mechanism. Amputation rates were
15% with combined AV injuries, 21% for associated nerve injuries, 12% for major soft tissue disruptions, and 21% for
femur, 12% for knee, and 20% for tibia-fibula fractures or dislocations. Among the 312 patients with combined AV
injuries, those with blunt mechanism had a significantly higher amputation rate than those with penetrating injury (27%
vs 9%, P< .001). Adjusting for age, gender, mechanism, and overall physiologic impact of injuries sustained, independent
predictors of amputation in logistic regression analysis of the entire cohort included fracture (odds ratio [OR], 2.4; 95%
confidence interval [CI], 1.4 to 4.1), complex soft tissue injury (OR, 1.9; 95% CI, 1.2 to 3.0), nerve injury (OR, 1.7; 95%
CI, 1.1 to 2.8), and extremity abbreviated injury score (OR, 1.6; 95% CI, 1.2 to 2.2).
Conclusions: Popliteal vascular injury remains an uncommon but challenging clinical entity associated with significant
rates of limb loss, functional disability, and mortality. Blunt vs penetrating mechanism and associated musculoskeletal
injuries generally involve longer hospital stays, worse functional outcomes, and twice the amputation rate. ( J Vasc Surg
2006;44:94-100.)Popliteal vascular trauma is an uncommon but poten-
tially devastating problem that carries the greatest risk of
limb loss of any peripheral vascular injury.1 The current
literature on this subject consists primarily of primarily
retrospective series from both civilian and military experi-
ence, with wide variation in recommended evaluation and
management strategies. The reported limb salvage and
amputation rates vary widely among these reports, mainly
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94due to the heterogeneous patient populations included and
the varying time periods studied. In addition, the func-
tional outcomes among patients with popliteal injury have
not been well described. The purpose of this study was to
analyze a large cohort of patients with traumatic popliteal
arterial injury from a national, multicenter trauma registry
in an attempt to better characterize the injury’s epidemiol-
ogy and associated outcomes, with a particular interest in
limb amputation rates.
METHODS
Design. We performed a retrospective analysis of pro-
spectively collected trauma data from the 2003 version of
National Trauma Data Bank (NTDB). NTDB data has
been collected and maintained by the Committee on
Trauma of the American College of Surgeons since the
inception of the initiative in 1989. This ongoing project
represents the largest trauma registry ever assembled, cur-
rently contains1 million prospectively maintained patient
records, and involves nearly 300 level I and II centers in
35 states. The database is updated annually with a sliding
5-year frame, incorporates a data vetting process
er in p
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tains information on patient demographics, prehospital
management, diagnoses and injury severity scoring, inpa-
tient care and complications, and outcomes.
For this project, we studied all patients with popliteal
arterial injury in terms of demographics, injury patterns,
interventions performed, limb salvage, resource utilization,
and outcomes. Patients were divided into two groups for
analysis by mechanism of injury, blunt vs penetrating.
Patients and outcomes. All adult patients 14 years
old with a traumatic popliteal arterial injury were identified
using International Classification of Diseases, 9th Revision
codes. Patients who were transferred from an outside facil-
ity to an NTDB participating center were excluded because
there was no way to control for variables such as time from
injury and interventions performed before transfer.
Outcome measures evaluated included (1) baseline de-
mographic variables, (2) indices of overall physiologic im-
pact of injuries sustained (initial systolic blood pressure,
injury severity score, and base deficit), (3) incidence of
concomitant ipsilateral popliteal venous injuries, femur,
knee, or tibia-fibula fractures or dislocations, and sciatic,
femoral, tibial or peroneal nerve trauma, and (4) fas-
ciotomy, amputation, and mortality rates.
The degree of disability for survivors to hospital dis-
charge was assessed by using the locomotion component of
the modified functional independence measure (FIM)
score. The total FIM score evaluates the level of disability
along three axes: feeding, expression, and locomotion. The
score for each axis ranges from 1 (full dependence on
assistance) to 4 (full independence), giving a maximum
total score of 4 for each individual axis and 12 if all three
axes are combined. Patients were considered to have a
severe functional disability related to their extremity injury
if the FIM score for locomotion was 3.
Statistics. Continuous data were compared with inde-








Associated soft tissue disruption
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data and odds ratios were calculated by using the standard
equations.2 Logistic regression was used to examine the
independent associations of various demographic and in-
jury related factors with the binary categoric outcome
measure of limb amputation (yes or no). Significance was
set at P  .05 and reflected two-tailed distributions in all
cases. Statistical analysis was performed with SPSS 11.0
software (SPSS Inc, Chicago, Ill) for Windows (Microsoft,
Inc., Redmond, Wash).
RESULTS
We identified 1395 popliteal injuries among the
1,130,000 patients in the NTDB for an incidence 0.2%.
Patients were 82% male, with a mean age of 33 years, and
presented with a mean initial systolic blood pressure of 124
mm Hg, a base deficit of 4.6, an injury severity score of
11.8, and an extremity abbreviated injury score of 2.6,
which ranges from 1 (minor) to 5 (threatening limb or life,
or both).
The mechanism was blunt trauma in 61% and penetrat-
ing in 39%, and significant differences existed between the
two groups (Table I). Although penetrating injuries more
commonly involved combined arterial and venous injury as
well as associated nerve injury, blunt injuries were twice as
likely to have associated bony fractures and resulted in
significantly worse outcomes in terms of longer intensive
care unit and hospital length of stay. The amputation rate
with blunt injury (18%) was twice that found with penetrat-
ing trauma (9%).
Associated ipsilateral lower-extremity trauma among
the entire cohort included combined popliteal arterial and
venous (AV) injuries in 24% (12% blunt vs 38% penetrating,
P  .001), fractures or dislocations of the tibia-fibula in
46% (62% blunt vs 21% penetrating, P  .001), femur in
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arenthesis.rity sco(31% blunt vs 2% penetrating, P  .001); and sciatic,
JOURNAL OF VASCULAR SURGERY
July 200696 Mullenix et alfemoral, tibial, or peroneal nerve injuries in 14% (13% blunt
vs 17% penetrating, P .04). Fasciotomies were performed
in 49%, complex soft tissue repairs in 24%, and amputations
in 14.5% (above-knee, 8.5%; below-knee, 7.1%).
The overall mean hospital and ICU lengths of stay were
16.9 and 5.9 days. Discharge FIM for locomotion ranged
from 1 (full assistance required) to 4 (independent ambu-
lation), with a mean of 2.8. In-hospital mortality was 4.5%
and did not significantly differ by mechanism (4.9% blunt vs
3.9% penetrating).
Amputation rates were 15% with combined AV injuries,
21% for associated nerve injuries, 12% for major soft tissue
disruptions, and 21% for femur, 12% for knee, and 20% for
tibia-fibula fractures or dislocations (Fig 1). Amputation
rates for these patient subsets, but stratified by mechanism
of blunt vs penetrating, are presented graphically in Fig 2.
Among the 312 patients with combined AV injuries, those
with blunt mechanism had a significantly higher amputa-
tion rate than those with penetrating injury (27% vs 9%, P
.001).
A multivariate logistic regression model was created to
identify factors independently associated with limb ampu-
tation (Table II). Adjusting for age, gender, mechanism,
initial systolic blood pressure, injury severity score, and base
deficit, independent predictors of amputation in logistic
regression analysis of the entire cohort included bony frac-
ture (odds ratio [OR], 2.4; 95% confidence interval [CI],
1.4 to 4.1), complex soft tissue injury (OR, 1.9; 95% CI,



















Fig 1. Percentage of patients undergoing limb amputa
arterial and venous.1.2 to 3.0), nerve injury (OR, 1.7; 95% CI, 1.1 to 2.8), andextremity abbreviated injury score (OR, 1.6; 95% CI, 1.2 to
2.2; all P  .05).
DISCUSSION
Although uncommon overall, the incidence of popli-
teal artery injury varies widely by setting (military vs civil-
ian), location (urban vs rural), and predominant injury
mechanism (penetrating vs blunt).3 Similarly, outcomes
such as limb salvage rates vary widely by center and study
interval, with the most favorable results being reported in
modern series by high-volume civilian centers with a signif-
icant percentage of penetrating trauma. In a series of 550
patients with 641 lower-limb arterial injuries, Hafez et al4
found that the popliteal artery was the second most com-
monly injured vessel in the leg (31%) and more commonly
resulted from penetrating injury (81%). They demonstrated
a survival rate of 99% and a limb salvage rate of 84%.
Although the raw limb salvage rates were lower with pop-
liteal artery injuries, the location of injury was not found to
be an independent predictor of limb amputation on multi-
variate analysis.
Blunt popliteal artery injury is most commonly a result
of posterior knee dislocation with traction/avulsion of the
vessel or injury due to bony fragments.5 Although the
incidence of popliteal artery injury is lower after blunt
compared with penetrating trauma, the former mechanism
generates popliteal injuries, as most trauma centers do not
treat a large volume of penetrating trauma. Blunt injury to
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tion sthe popliteal vessels is typically associated with significant
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in associated soft tissue, bony, and nerve injury. The more
extensive injury to the vessel and surrounding structures
complicates the management of blunt injuries and likely
explains the higher amputation rates compared with pene-
trating injury. In a review of published series of blunt
popliteal artery injuries, the average amputation rate was
28% vs 11% for penetrating injury and ranged as high as
71%.3
Particularly devastating are multilevel vascular injuries
and severe combined vascular and musculoskeletal trauma
resulting in a mangled extremity. Hafez et al4 demon-
Fig 2. Percentage of patients undergoing limb amputati
FX/DX, Fracture/dislocation, AV, arterial and venous.
Table II. Multivariate regression analysis of association
of study variables with outcome amputation
Study variable
Odds
ratio 95% CI P
Age, years 1.0 0.5-1.2 .4
Male gender 0.9 0.6-1.3 .5
Associated fracture 2.4 1.4-4.1 .001
Associated nerve injury 1.7 1.1-2.8 .02
Associated complex soft tissue injury 1.9 1.2-3.0 .007
Ipsilateral EAI score 1.6 1.2-2.2 .004
Initial injury severity score 1.1 1.0-1.1 .2
Initial systolic blood pressure 1.0 0.9-1.0 .2
Fasciotomy performed 1.2 0.8-1.7 .4
Penetrating vs blunt mechanism 0.7 0.4-1.3 .2
Combined AV injury 0.8 0.5-1.3 .4
CI, Confidence interval, EAI, extremity abbreviated injury; AV, arterial and
venous.strated a leg amputation rate of 45% with combined aboveand below knee vascular injury, with an odds ratio for
amputation of 4.4 in multivariate analysis. In the mangled
extremity with a vascular injury, limb salvage may be pos-
sible in highly select cases, but most require amputation.5,6
A large body of data and early experience with pene-
trating injury to the popliteal vessels comes from combat-
related military series. In a large series of vascular injuries
during World War II, Debakey and Simeone1 demon-
strated a 73% amputation rate with popliteal artery injuries,
most of which were treated with arterial ligation. Arterial
repair later replaced ligation as the preferred treatment for
these injuries, and a steep decline in the amputation rate to
30% was documented by Rich et al7 from the Vietnam
Vascular Registry.
As expected, better outcomes and lower amputation
rates have been reported from the civilian sector, which
likely reflects the lower-velocity mechanisms and the im-
proved time and resources available in the noncombat
environment. Nair et al8 reported a series of 117 popliteal
artery gunshot wounds and found a 27% amputation rate
for low-velocity injuries and a 50% amputation rate for
high-velocity wounds. Other factors that increased the
amputation rate were a delay of7 hours to repair, arterial
transection, associated bone fracture, and compartment
syndrome. In a review of 24 published series with 678
penetrating popliteal artery injuries, the mean amputation
rate was only 11% overall, with markedly improved limb
salvage rates reported in the more modern series.3
The purpose of this study was to evaluate all patients in
the NTDB with popliteal arterial injury in terms of demo-
atified by subset and stratified by mechanism (*P .05).on strgraphics, injury patterns, interventions, limb salvage, re-
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modern civilian sample. We found that popliteal vascular
injury occurs relatively rarely but is associated with signifi-
cant rates of limb loss, functional disability, and mortality.
Consistent with previous reports, we found that blunt
injury mechanism in particular is associated with longer
hospital stays, worse functional outcomes, significantly
lower limb salvage rates, and a significantly higher amputa-
tion rate in those with combined AV injuries.
Overall, the fasciotomy rate of 49% in this study is
consistent with the 36% to 62% range variously described in
the literature, and the 14.5% amputation rate in the NTDB
suggests that the actual rates of amputation may be decreas-
ing somewhat compared with earlier reviews.3 This is con-
gruent with findings from recent reviews by others.9,10
We found particularly favorable results for penetrating
popliteal injury, with an overall amputation rate of 9%.
Surprisingly, the amputation rate for penetrating injuries
was not significantly increased even in the presence of
combined artery and vein injury. In adjusted multivariate
analysis of all patients with popliteal trauma, we identified
four factors independently associated with amputation: ip-
silateral fracture, complex soft tissue disruption, nerve in-
jury, and elevated extremity abbreviated injury score. In
practical terms, this suggests that it is primarily the patients
with high blunt mechanism and a mangled extremity that
are undergoing most amputations.
The major limitations of this study stem from weak-
nesses in the NTDB itself. Specifically, NTDB data is
retrospective, descriptive in nature, and contains pooled
entries from numerous different data entry personnel with
varying levels of training and expertise. Confounding this is
the reality that these subject entries are reported from a
relatively large but nonetheless disparate and incomplete
sample of all trauma centers treating popliteal injuries to-
day. The necessary exclusion of pediatric patients and trans-
fer patients further contributes to selection bias. Therefore
the NTDB, and necessarily the results of this study, are
subject to data entry errors, collection bias, and reporting
bias, and must be considered separately from either a sin-
gle-institution experience or a true homogeneity-tested
meta-analysis in terms of strengths, weaknesses, and gener-
alizability.
Furthermore, important data fields relevant to specific
questions such as ours are often not included in the NTDB,
as the number of fields required would be impractical to
collect and unmanageable to maintain. For example, the
NTDB does not contain all of the necessary fields to
calculate a mangled extremity severity score on these pa-
tients—a variable that would likely be more useful than the
proxy components of mangled limbs the NTDB did con-
tain (bony, nerve, soft tissue injuries, etc).11 Additionally,
the registry does not report the time delay from injury to
intervention, an important variable, as the findings of Sa-
graves et al12 do suggest that time delay can contribute to
amputation rates in popliteal artery injuries.
Perhaps most notable is that although the NTDB is
quite useful in terms of descriptive demographic and epi-demiologic analysis as presented here (particularly for un-
common injuries), it contains little information on individ-
ual diagnostic studies or details of management strategies,
and thus, no conclusions regarding evaluation or specific
treatments can be made. Specifically, the NTDB does not
contain specific data on interventions such as shunt use,
specific repair types, or staging, and does not list the indi-
cations for any particular intervention. These questions
would really require a prospective study or detailed chart
review. Perhaps in future iterations of the NTDB, the
American College of Surgeons will ensure the inclusion of
more descriptive data such as patients’ initial evaluation
studies (ie, computed tomography scan, angiography), and
specific detail on the interventions and surgical procedures
performed.
With these data, the information that is already in the
registry could be better utilized to determine which evalu-
ation and management strategies were associated with im-
proved outcomes. However, although we cannot make any
conclusions regarding the value of specific interventions,
our data may at least provide benchmark outcome measures
(amputation rate, functional status) that might be used as a
baseline for comparison of different management strate-
gies. This may provide a “national average” outcome which
individual centers could use to evaluate their own results.
CONCLUSIONS
Our results support the prevailing historical evidence
that popliteal artery injury is an uncommon but potentially
devastating injury in terms of limb loss, particularly for
patients who have sustained significant high mechanism
blunt trauma involving a mangled extremity. Not surpris-
ingly, we found an associated significant trend towards
worse functional outcomes for blunt trauma patients. Con-
versely, patients with penetrating trauma had higher rates
of limb salvage, shorter hospital stays, and a better func-
tional outcome, despite higher rates of nerve injury, AV
injury, and worse initial base deficits.
The overall rates of mortality and limb salvage found in
this large and modern multicenter experience compare
favorably with historically reported outcomes from both
military and civilian series. Although some severely man-
gled extremities may be best served by early amputation,
successful limb salvage may be obtained in most blunt and
penetrating popliteal arterial injuries.
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Dr Kaj Johansen (Seattle, Wash). I am frankly pleased to see
a fasciotomy rate of 50%, and I believe that this actually arises from
the fact that NTDB is based on the experience that is accumulated
from major trauma centers. I think that this paper substantially
under-indicates the actual limb-loss rate that occurs in the
“world,” because what I believe your study represents is patients
who are actually injured and come to major trauma centers. The
individuals who don’t make it out of the small towns and are
managed with perhaps an attempt at exploration and then ampu-
tation don’t even make it into the denominator here, so this
underscores once again the ongoing need for all of us who deal
with blood vessels and all of you who deal with trauma to interact
about your data, especially here in the rural West.
I have one question for you. With others, I have been inter-
ested in scoring systems for limb loss. Certainly available to you in
the NTDB were issues such as the presence of shock, which we
believe are also independent predictors of limb loss. Were these
evaluable by you and your group?
Dr Matthew J. Martin. Thank you, Dr Johansen, and we
certainly recognize the Seattle expertise and experience with the
mangled extremity severity score in helping assess these injuries
and whether they need an amputation. Unfortunately, there are no
data available in the National Trauma Data Bank specifically related
to blood loss. There is no field for blood transfusion or estimated
blood loss, so that is completely not available, and really, the only
measure of shock we have is the initial systolic blood pressure in the
emergency department and the initial base deficit, which as you
know can represent an initial period of shock, but we have no
information available about on going shock, although that would
certainly be useful.
Dr Mark Meissner (Seattle, Wash). I was going to make a
comment similar to Dr Johansen’s. These data are likely biased
toward centers that are actually reporting to the National Trauma
Data Bank. Even given that limitation, it does include a spectrum
of centers from level 1 down to level 3. Was there any difference in
outcome amongst high-volume centers, which presumably repre-
sent level 1 centers vs lower volume, lower level trauma centers that
you could ascertain from the database?
Dr Martin. Actually, that is a very interesting question, and
we have not yet looked at that. That is a very good idea. We can
certainly look at the level. Both the level of the center and the
volume are independent variables in the National Trauma Data
Bank. We did recently complete a study out of LA County looking
at the impact of the level and trauma volume on outcome forand the outcomes in terms of mortality and functional indepen-
dence at discharge were better with the level 1 centers compared
with level 2 and lower, but were not a function of hospital volumes.
As you know, there is a lot that goes into making a level 1 center
other than volume: dedication to research, in-house staff, fellow-
ships, etc. So I think we do have data that the outcomes are
improved with major vascular injuries. We have not looked at it
specifically for popliteal injury with level 1 organized trauma
systems, which is probably more a function of the organization of
the system than hospital volume, but that is an interesting com-
ment and we should look at that for this subset.
Dr James Holcroft (Sacramento, Calif). I think this is a great
paper, and I don’t think we are going to do any better for the next
many years. I’d like you to comment, though, if you would, about
the patients who have injuries to the sciatic nerve and the posterior
tibial nerve. The early amputation rates in those patients were
around the order of 20%, but my experience has been that many of
these patients will end up with amputations later on. And my
impression has been that many of the patients would have been
better off if they had had the amputations early. Would you be
willing to speculate on that?
Dr Martin. Our paper and many of the other papers use
amputation rate because it is easily available and has somewhat
become our benchmark of quality of care for these patients, and I
think it is one measure, but it is certainly not the only measure, and
would not even be my definitive measure of choice. As you alluded
to, I am sure everyone in this room has seen the severely mangled
extremity patient who has gone through multiple procedures and a
long hospitalization and is left with a dysfunctional limb or a limb
with severe chronic pain that is promoting narcotic addiction or
even eventually failed repair that ends in a less functional above-
knee amputation that could have been served by an upfront or at
least early below-knee amputation. I think we need better—and
this has to be done prospectively—studies which include functional
outcomes, functional measures such as the locomotion score or
more detailed assessments of how these patients’ limbs are actually
functioning, and it has to be 3 months, 6 months, 1 year out from
injury when the other fractures and soft tissue injuries have had a
chance to heal so we can actually see how we are doing. We are
definitely not going to see a prospective randomized trial of
amputation vs limb salvage, so that is the best we are going to do.
Dr Jim Watson (Seattle, Wash). I would hope that there
aren’t many people with popliteal artery injuries that are being
managed nonoperatively, but I suspect there are some. Were there
any patients in your study that were managed nonoperatively?
